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The research area of graph grammars or graph transformations is a relatively young 
discipline of computer science. Its origins date back to the early seventies. Neverthe- 
less, methods, techniques, and results from the area of graph transformations have 
already been studied and applied in many fields of computer science such as formal 
language theory, pattern recognition and generation, compiler construction, software 
engineering, concurrent and distributed systems modelling, database design and 
theory, etc. 
This wide applicability is due to the fact that graphs are a very natural way of 
explaining complex situations on an intuitive level. Hence, they are used in computer 
science almost everywhere, e.g. as data and control flow diagrams, entity relationship 
diagrams, Petri nets, visualization of software and hardware architectures, evolution 
diagrams of nondeterministic processes, SADT diagrams, and many more. Like the 
“token game” for Petri nets, a graph transformation brings dynamics to all these 
descriptions, since it can describe the evolution of graphical structures. Therefore, 
graph transformations become attractive as a “programming paradigm” for complex- 
structured software and graphical interfaces. In particular, graph rewriting is 
promising as a comprehensive framework in which the transformation of all these 
very different structures can be modelled and studied in a uniform way. 
Correspondence to: Prof. Dr. H. Ehrig, FR 6-1, Technische Universitlt Berlin, Franklinstrasse 28/29, 
W-1000 Berlin 10, Germany. 
0304-3975/93/$06.00 c 1993-Elsevier Science Publishers B.V. All rights reserved 
4 H. Ehriy, M. Ltiwe 
Inspired by this observation, some of the most active researchers in graph gram- 
mars and graph transformations have established the ESPRIT Basic Research Work- 
ing Group “Computing by Graph Transformation (COMPUGRAPH)” on March 1, 
1989. The working group consists of the following partners: 
Technical University of Berlin (D), represented by Prof. Dr. H. Ehrig, 
University of Bordeaux I (F), represented by Prof. Dr. B. Courcelle, 
University of Bremen (D), represented by Prof. Dr. H.-J. Kreowski, 
Free University of Berlin (D), represented by Prof. Dr. E. Welzl, 
University of Leiden (NL), represented by Prof. Dr. G. Rozenberg, and 
University of Pisa (I), represented by Prof. Dr. U. Montanari. 
The major goal of COMPUGRAPH, which is coordinated by the Technical 
University of Berlin, has been to unify and extend the theory of graph grammars and 
rewriting in order to demonstrate the potential of graph transformations to serve as 
a unifying paradigm for computing, i.e. for the specification, implementation, pro- 
gramming, and efficient coding of sequential, parallel, and distributed systems. The 
work within COMPUGRAPH has been organized under four themes: 
(1) Foundations 
(2) Concurrent Computing 
(3) Executability of Algebraic Specifications and Graph Transformation in Other 
Areas 
(4) Algorithmic and Implementational Aspects 
The research area “Foundations” has been devoted to the unification and extension of 
various existing approaches to graph transformations (mainly developed by the 
project partners) in order to obtain the right balance between practical applicability 
and theoretical results. This foundational work has been interwoven with the other 
three topics. 
“Concurrent Computing” is one of the traditional application areas of graph 
rewriting. The modelling of complex parallel computing paradigms can essentially 
benefit from the intuitiveness of graphical visualizations. 
The research area “Executability of Algebraic Specifications” has investigated 
graph rewriting as an efficient implementational level for operational semantics 
given by term or tree rewriting. Also, other production systems like, for example, 
“logic programming”, which can benefit from graph implementations, have been 
considered. 
Last, but not least, the fourth research area has provided some prototype imple- 
mentations of graph rewriting and a large body of results on how graph algorithms 
can be made more efficient if the class of admissible input graphs is described by 
a graph grammar. 
Due to its character of a working group, the achievements of COMPUGRAPH 
within its first phase from March 1, 1989 , until February 29, 1992, are strongly related 
to basic research and cover a broad area of theoretical investigations and practical 
applications. Among them, the following results are most likely to provide a starting 
point for pre-competitive projects: 
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l The notions of context-freeness in various graph grammar approaches have been 
compared and unified. Their abstract properties have been formulated axiomati- 
cally. This work might considerably support the exploitation of results w.r.t. 
efficient graph algorithms obtained in the fourth research area which are all 
connected to certain types of context-free graph grammars. 
a A new axiomatic approach to rewriting has been developed, the so-called high-level 
replacement systems. They generalize the theory from graphs to general mathemat- 
ical structures and subsume also rewriting, for example, on Petri nets and algebraic 
specifications. Especially, high-level rewriting on algebraic specifications has led to 
a new development, the rule-based design of modular software systems. On the 
other hand, all results concerning parallelism and concurrency can be rephrased on 
the axiomatic level. Hence, they are applicable to all high-level replacement sys- 
tems. Also distributed derivations have been studied in this framework. 
l Several formalisms for concurrency have been mapped to graph transformation. 
Among them are actor systems, Petri nets, logic and concurrent constraint pro- 
gramming and flow charts. This allows a comparison of many different concepts for 
concurrency on the graph grammar level. It can lead to a true-concurrency 
semantics for graph rewriting itself. On the other hand, this comparison has created 
new and interesting formalisms for concurrency, for example, contextual 
place/transition nets, which allow “read access” to tokens without deleting them. 
l Existing rewrite approaches have been specialized to so-called jungle rewriting, 
which provides an optimal level for the rule-based evaluation of functional and 
logical expressions. Due to rigorous sharing of common subexpressions, jungle 
evaluations of expressions are more efficient than the corresponding evaluations on 
terms or trees. An independent theory of jungle rewriting has been developed 
especially w.r.t. the conservative extension and combination of such rewrite 
systems. 
l On the basis of single-pushout graph rewriting, which partly bridges the gap 
between “practice-oriented” graph rewriting and “theory-oriented” approaches, 
a prototype implementation of graph rewriting has been accomplished. The system 
contains a very flexible editor for graphical structures and the basic functionality 
for the performance of direct (i.e. one-step) graph transformations. The system is 
purely graphical and its interface is mouse/menu-oriented. 
Therefore, the results obtained in COMPUGRAPH up to now show that graph 
rewriting 
l provides suitable models for true-concurrency semantics of distributed systems, 
l can serve as a kernel of a rule-based language unifying functional, logical, algebraic 
and object-oriented design and implementation methods, 
l is suitable for theoretical investigations w.r.t. correctness and efficiency, and, 
l due to its graph-orientedness, can provide clear and easy comprehensible descrip- 
tions where other formalisms become clumsy and unreadable. 
Although these results are very promising, a lot of work remains to be done in order to 
exploit them in practical software engineering. First of all, the graph transformation 
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methods, languages, models, and techniques of the COMPUGRAPH working group 
need to be integrated into a methodology of Graph Transformation for Specijcation 
and Programming. This is the central new research area which is going to be addressed 
by COMPUGRAPH within the second phase of ESPRIT Basic Research, i.e. within 
the next three years. Besides that, research in the areas Foundations and Concurrent 
Computing shall be continued in order to meet the requirements arising from the new 
area. The second phase of COMPUGRAPH aims at providing solid semantical 
foundations for new system specification and programming paradigms based on 
unified graph transformation models and the necessary theoretical background for 
initiating concrete language and CASE projects centered around these paradigms. 
For more information about the ESPRIT Basic Research Working Group COM- 
PUGRAPH, please contact 
Prof. Dr. Hartmut Ehrig, 
Technical University of Berlin, Sekr. FR 6-1, 
Franklinstralje 28/29, D-1000 Berlin 10; 
Tel.: +49-30-314-73510, Fax: +49-30-314-23516. 
More information about COMPUGRAPH, especially technical details about the 
results obtained in the first phase of the working group and complete reference lists, 
can be found in the following overview publications: 
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[2] H. Ehrig and M. Lowe, eds., Computing by graph transformation: overall aims 
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also in EATCS Bull. 41 (1990) 103-l 18. 
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